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Human-aided and natural dispersal drive gene flow
across the range of an invasive mosquito
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Abstract

Human-aided transport is responsible for many contemporary species introductions,

yet the contribution of human-aided transport to dispersal within non-native regions

is less clear. Understanding dispersal dynamics for invasive species can streamline

mitigation efforts by targeting routes that contribute disproportionally to spread.

Because of its limited natural dispersal ability, rapid spread of the Asian tiger mos-

quito (Aedes albopictus) has been attributed to human-aided transport, but until now,

the relative roles of human-aided and natural movement have not been rigorously

evaluated. Here, we use landscape genetics and information-theoretic model selection

to evaluate 52 models representing 9240 pairwise dispersal paths among sites across

the US range for Ae. albopictus and show that recent gene flow reflects a combination

of natural and human-aided dispersal. Highways and water availability facilitate dis-

persal at a broad spatial scale, but gene flow is hindered by forests at the current dis-

tributional limit (range edge) and by agriculture among sites within the mosquito’s

native climatic niche (range core). Our results show that highways are important to

genetic structure between range-edge and range-core pairs, suggesting a role for

human-aided mosquito transport to the range edge. In contrast, natural dispersal is

dominant at smaller spatial scales, reflecting a shifting dominance to natural move-

ment two decades after introduction. These conclusions highlight the importance of (i)

early intervention for species introductions, particularly those with readily dispersed

dormant stages and short generation times, and (ii) strict monitoring of commercial

shipments for transported immature stages of Ae. albopictus, particularly towards the

northern edge of the US range.
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Introduction

Since the inception of long-distance travel, humans

have introduced exotic species to new regions (Ran-

dolph & Rogers 2010). Introductions of disease vectors

have led to outbreaks of severe and potentially fatal dis-

eases such as plague, malaria and, more recently, chi-

kungunya (Lounibos 2002; Reiter et al. 2006; Charrel

et al. 2007). While the contribution of human-aided

transport to species introductions is well understood,

the relative influence of anthropogenic factors and natu-

ral dispersal to ‘range filling’ after a species becomes

invasive is much less clear (Kolar & Lodge 2001; Shiges-

ada & Kawasaki 2001). Yet, human-aided dispersal may

contribute substantially to spread so that identifying

important dispersal corridors has great potential for

mitigating invasion and disease risk. Moreover, because

dispersal is linked to gene flow (Bohonak & Jenkins

2003), human-altered dispersal patterns during invasion

could influence genetic structure and long-term evolu-

tionary trajectories (Slatkin 1985; Vellend et al. 2007; Su-

arez & Tsutsui 2008), potentially altering mitigation

efforts and the effects of invaders on native ecosystems.

A global invader with a history of human-aided

transport and important human health implications is
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the Asian tiger mosquito, Aedes albopictus (Skuse). This

mosquito breeds in natural and artificial containers such

as treeholes, used tires and cemetery vases. Native to

South-East Asia, Ae. albopictus has invaded North and

South America, Europe and Africa since the late-1800s

(Lounibos 2002). Ae. albopictus is a vector for numerous

diseases worldwide, including chikungunya (Reiter

et al. 2006), and several viruses have been isolated from

wild-caught adults in the USA (Gratz 2004). After its

putative US introduction in Houston, TX, in 1985 via

used tires (Hawley et al. 1987), it rapidly expanded: by

1986, it had already spread across 12 degrees latitude

and has since coalesced into one large US range (Med-

ley 2010). Because of its limited natural dispersal capac-

ity (Liew & Curtis 2004), long-distance transport

facilitated by commercial shipping (used tires, lucky

bamboo plants) and private automobiles was implicated

in its rapid spread (Lounibos 2002). Continued human-

aided transport within the invaded range may facilitate

long-distance dispersal events and aid in recolonization

of sites that have been locally eradicated. Thus, identify-

ing corridors for spread is an important goal for stream-

lining mitigation efforts and for preventing disease

outbreaks in human and wildlife populations in the

USA and across the globe. Moreover, lessons learned

with Ae. albopictus spread may be relevant to other exotic

species with similar life histories.

The detection of dispersal pathways is now possible

through the integration of population genetics, land-

scape ecology and geospatial statistics into the subdisci-

plines of landscape genetics and genomics (Manel et al.

2003; Storfer et al. 2007, 2010; Andrew et al. 2013). Taxo-

nomic foci of such studies have been generally biased

towards vertebrates (Storfer et al. 2010), particularly

amphibians (Murphy et al. 2010; Spear & Storfer 2010).

This is for good reason; many amphibians are of conser-

vation concern and have relatively low vagility, leading

to marked population genetic structure and strong

effects of landscape (Murphy et al. 2010; May et al.

2011; Hether & Hoffman 2012). In contrast, species with

higher mobility such as flying insects or those affected

by human-aided dispersal (i.e. with inflated dispersal

distances and/or rates) are more difficult to study

because genetic structure is often less pronounced.

However, genetic structure need not be marked to

detect relationships between landscape and genetic

distance. Moreover, the relationship between landsc-

ape features and flight has not been well studied to

date (Rasic & Keyghobadi 2012), but is an area with

great potential. For instance, three-dimensional habitat

can affect flight ability between localities by providing

refuge from predators and wind. Moreover, stepping-

stone dispersal between proximal sites is more likely to

occur where habitat is suitable and correlations between

suitable habitat and genetic distance should reveal such

behaviour. We extend the landscape genetics approach

to include models representing human-aided dispersal

routes to evaluate the relative roles of natural and

human-altered movement to gene flow of Ae. albopictus

in the USA. Anthropogenic alterations to the landscape

and subsequent effects on connectivity and gene flow

for natural populations are commonly addressed

themes within landscape genetics (Lada et al. 2008;

Radespiel et al. 2008; Spear & Storfer 2010; Storfer et al.

2010). However, few landscape genetics studies have

addressed species invasions (Zalewski et al. 2009), and

to our knowledge, none have explicitly used this

approach to detect human-aided dispersal (i.e. highway

dispersal).

Knowledge of the invasion history and dispersal abil-

ity of invasive species can inform predictions about

their likely dispersal routes and potential for spread.

Natural dispersal (e.g. flight) by Ae. albopictus is rela-

tively limited, as evidenced by adults dispersing ≤1 km

from natal habitat in a lifetime (Liew & Curtis 2004),

and high genetic differentiation among populations pre-

viously revealed within and outside the USA (Black

et al. 1988, 1989; Kambhampati et al. 1990; Urbanelli

et al. 2000; Ayres et al. 2002). Such movement likely

occurs where suitable habitats are widely available;

Ae. albopictus females oviposit in fishless water bodies

and artificial containers, so natural dispersal should be

high among sites where water availability is sufficient

to maintain dense breeding habitat. Forests may facili-

tate dispersal because adult Ae. albopictus rest along for-

est edges near breeding sites (Hawley 1988). However,

larvae have been detected in commercial shipments,

and adults can travel in motorized vehicles (Lounibos

2002; Enserink 2008), providing evidence that dispersal

is markedly enhanced by commercial transport along

highways. The rapid expansion of Ae. albopictus after its

initial establishment in the USA also suggests an impor-

tant role for human-aided transport to the movement of

this species. In addition, the current US range for

Ae. albopictus has expanded beyond climatic predictions

based on its native distribution (Medley 2010), and

identifying potential corridors for the expansion should

inform future work evaluating causation.

Here, we use landscape genetics and information-the-

oretic model selection to address three key questions

across the US range of Ae. albopictus: (i) What is the

dominant dispersal mode (i.e. human-aided or natural)

across the range? (ii) What are the dominant land-cover

types influencing dispersal and gene flow between US

cities? and (iii) which dispersal mode (human-aided or

natural) and land-cover type(s) are most likely responsi-

ble for the northward expansion of Ae. albopictus

beyond its native climatic niche (sensu Medley 2010)?

© 2014 John Wiley & Sons Ltd
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To address questions 1 and 2, we compare among 52

dispersal models (9240 pairwise dispersal pathways)

representing human-aided transport via highways

(weighted by traffic volume) and natural dispersal

across vegetated and urban lands and water bodies. To

evaluate question 3, we also tested our dispersal models

using three reduced data sets: among sites along the

northern range edge, among sites deeper within the

range core and between pairs of range-core and range-

edge sites (see Fig. 1). We expected this partitioned

analytical approach to reveal differential dispersal modes

that could explain northward expansion of Ae. albopic-

tus, and to inform future tests on the relationship

between gene flow and adaptation to northern climate.

Finally, we simultaneously evaluated the performance

of two landscape distance metrics (least-cost paths and

resistance distances) relative to classic isolation by dis-

tance (Jenkins et al. 2010) and compared two genetic

distance measures for their sensitivity to detect pattern

at broad spatial scales. Together, our analyses provide a

comprehensive evaluation of recent movement across

the US range for Ae. albopictus and provide a compara-

tive analysis among multiple approaches currently in

use within the field of landscape genetics.

Methods

Study species and sampling

The Asian tiger mosquito (Ae. albopictus, Diptera: Culici-

dae) is a container mosquito whose females lay eggs

singly in treeholes and artificial containers just above

water line. After rains, eggs become inundated and

hatch into larvae that undergo 4 instars prior to a pupal

stage. Ae. albopictus opportunistically colonizes artificial

containers (e.g. cemetery vases, discarded tires) and

readily outcompetes other larvae in most environments

(Braks et al. 2004; Bevins 2007). Females lay eggs in

multiple containers, and multiple females lay eggs in

the same container (Hawley 1988). Thus, a single con-

tainer can potentially contain offspring from a wide

selection of individuals from the local population. We

collected larvae and pupae from c. 20 abandoned flower

vases (>100 individuals per site) in cemeteries from 26

localities at the edge and within the core of the US

range (Fig. 1, Table 1). We defined range edge and

range core based on the current distribution for Ae. alb-

opictus and the extent to which climate at sites was

within the native climatic niche for Ae. albopictus.

Range-edge sites were located along the northern edge

of the current distribution and at sites that were

approaching or beyond the native climatic niche (Med-

ley 2010). Range-core sites were located at least 160 km

from the current range edge and at sites that were well

within the native climatic niche for Ae. albopictus (Med-

ley 2010). To capture gene flow across a wide range of

land-cover types, we collected from cemeteries in larger

cities surrounded by urban land cover (e.g. St. Louis,

MO, USA; Indianapolis, IN, USA) and from cemeteries

in rural areas and smaller towns (e.g. Marshall, MO,

USA; Charleston, WV, USA) that were typically bor-

dered by forests and agricultural landscapes. All ceme-

teries contained trees and/or were surrounded by

patches or broader swaths of wooded areas to varying

Fig. 1 Sample localities in 26 US cities

within the US range for Ae. albopictus.

Range-edge localities in black, range-core

localities in white, water bodies in

blue, forests in green and agriculture in

yellow. Inset: approximate range of

Ae. albopictus.
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degrees, even those in urban areas. This design also

allowed for capturing a range of gene flow estimates,

because larger cities likely have larger mosquito popu-

lations (e.g. more artificial containers and sources of

bloodmeals) and are more important source populations

for dispersal than are smaller towns.

Laboratory husbandry

To ensure the species identity of field-collected pupae

and larvae, we reared immature stages to adults under

laboratory conditions in black plastic cups (c. 300 mL)

at a density of c. 50 individuals per cup. Cups were

placed in 30 9 30 cm mesh cages under a long-day

photoperiod (18:6 L/D) and fed a combination of

ground fish food and cultured infusorium from leaves

(Quercus spp., Platanus spp.) incubated in water for

7 days. Culture cups were filled with infusorium water

and leaves. After emergence from pupae, we killed

adults by exposing them to freezing temperatures for

c. 30 min and preserved them in 99% ethanol.

DNA extraction and genotyping

We extracted DNA from 1 to 2 legs per adult mosquito

using a chelex extraction protocol (Walsh et al. 1991).

We genotyped 739 individuals at nine polymorphic

microsatellite loci: AealbA9, AealbB52, AealbD2, AealbF3,

Ap1, Ap2, Ap3, Ap5 and AC2 (Behbahani et al. 2003;

Porretta et al. 2006; Slotman et al. 2006). PCRs were

conducted in a total volume of 20 lL, and the product

was amplified under the following conditions: 94 °C for

3 min, 30 cycles of 30 s at 94 °C, 45 s at a locus-specific

annealing temperature ranging from 48 °C to 60 °C, 45s
at 72 °C and a final extension for 5 min at 72 °C. M-13

tails (50-TGTAAACGACGGCCAGT-30) were attached to

forward primers for fluorescent labelling (Schuelke

2000). We used Microchecker v2.23 (Van Oosterhout

et al. 2004) to screen for high-frequency null alleles

(>0.08), allelic dropout and scoring errors and tested for

pairwise linkage disequilibria and significant deviations

from HWE using Fisher’s exact tests with GENEPOP v4.0.7

(Raymond & Rousset 1995). We detected one locus

(Ap2) with high-frequency null alleles and excluded it

from reported analyses. Five comparisons were signifi-

cantly out of Hardy–Weinberg equilibrium (HWE), but

no locality had more than one locus out of HWE.

Landscape genetics

Genetic distance. We measured two types of genetic dis-

tance shown to perform well in landscape genetic stud-

ies (Garroway et al. 2011; Hether & Hoffman 2012):

Dps’ and cGD. We measured Dps’ (Bowcock et al. 1994;

hereafter Dps) as (1-Ps), where Ps is the number of

shared alleles summed over loci/(2 9 number of loci

compared), using MICROSAT v 1.5b (Bowcock et al. 1994;

Minch et al. 1996). We measured cGD as the shortest

graph distance between locality pairs using the Graph

function in GENETICSTUDIO (Dyer 2009).

Landscape distance. We measured landscape distances

among all pairs of sites using GIS-based least-cost path

analysis and electrical circuit theory (McRae et al. 2008).

Both approaches differ from straight-line, isolation-

by-distance theory because they account for habitat con-

figuration between pairs of sites.

Least-cost path models correlate genetic distance with

landscape distance along the shortest, single suitable

path between localities (Vignieri 2005). Circuit models

measure resistance distances between sites by allowing

multiple pairwise connections, where broader swaths of

suitable habitat facilitate higher rates of gene flow

(McRae & Beier 2007). For both techniques, we mea-

sured landscape distances across 19 individual land-

cover types and four combined land-cover types

Table 1 Geographic coordinates (decimal degrees), range loca-

tion (region) and sample size for all sampling localities. See

Figure 1 for position of range core and range edge

Locality Region Latitude Longitude n

Atlanta, GA Core 33.75 �84.45 29

Baton Rouge, LA* Core 30.46 �91.14 31

Birmingham, AL Core 33.55 �86.75 31

Charlotte, NC Core 35.23 �80.84 31

Columbia, SC Core 33.97 �80.95 31

Jacksonville, FL Core 30.37 �81.65 31

Memphis, TN Core 35.12 �90.03 30

Nashville, TN Core 36.15 �86.73 31

Raleigh, NC Core 35.79 �78.63 31

Richmond, VA Core 37.54 �77.40 28

Springfield, MO* Core 37.19 �93.28 30

Blacksburg, VA Edge 38.35 �81.61 22

Charleston, WV Edge 38.35 �81.64 31

Chillichothe, OH Edge 39.32 �82.99 31

Columbia, MO* Edge 38.95 �92.34 31

Doylestown, PA Edge 40.32 �75.13 29

Hagerstown, MD Edge 39.63 �77.72 31

Harrisburg, PA Edge 40.27 �76.87 31

Harrisonburg, VA Edge 38.43 �78.85 22

Indianapolis, IN Edge 39.77 �86.15 31

Liberty, MO* Edge 39.23 �94.42 31

Litchfield, IL Edge 39.17 �89.63 31

Marshall, MO Edge 39.10 �93.17 31

Portsmouth, OH Edge 38.73 �82.97 30

St. Louis, MO Edge 38.64 �90.29 22

West Peoria, IL Edge 40.70 �89.62 31

*Sites that were removed from model selection because pair-

wise genetic distances for the site were not independent.
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(Table 2). These included 10 land-cover types across

which mosquitoes disperse naturally (e.g. flight, step-

ping-stone dispersal), such as wetlands and forest, and

9 land-cover types where human modification of the

landscape has likely influenced mosquito movement by

reducing the density of natural containers (e.g. pasture,

crops) or increasing the density of artificial containers

and bloodmeal sources (e.g. urban areas). The four com-

bined models calculated distances across broader land-

cover categories (all water, all forest, all farm, all urban;

Table 2). Finally, we explicitly tested the role of human-

aided transportation via commercial shipping and vehi-

cles by measuring highway distances between pairs of

sites, where shorter distances represent corridors with

higher traffic volume.

To measure distances along pairwise connections

among sites, we created landscape models using a 30-

m-resolution land-cover data set (Fry et al. 2011) and

the Spatial Analyst extension in ARCGIS 10. Land-cover

data were resampled to a 1 km2 grain size to improve

computational efficiency at the broad study extent. The

recommended grain size is equal to or smaller than the

average dispersal distance for the focal species (Fortin

& Dale 2005). Natural dispersal distances for Ae. albopic-

tus individuals approximate c. 800–1000 m2 (Liew &

Curtis 2004), but many dispersal events occur over

much broader spatial scales. Thus, we believe the

improvement of computational efficiency was a worth-

while trade-off to a smaller grain size.

Using the land-cover raster, we created a cost surface

and a resistance surface for each landscape model. For

least-cost surfaces, we assigned a low cost to the focal

land-cover type from the landscape model and a high

cost to all other land-cover types using the Spatial Ana-

lyst extension in ARCGIS 10. Costs were standardized

across all models to values between 0 and 1 to ensure

comparability. We measured the least-cost distance as

the distance along the path that accrued the least cumu-

lative cost between pairs of sites.

We calculated resistance distances from landscape sur-

faces based on a graph-theoretic framework using Cir-

cuitscape 3.5.4 (Shah & McRae 2008). Resistance surfaces

assigned low resistance to the focal land-cover type and

high resistance to all other types. Using Circuitscape, we

generated pairwise paths and measured resistance dis-

tances from the resistance surfaces. We selected pairwise

mode to iterate across all focal nodes (localities), the

option for focal points containing a single cell (rather than

a region), and selected an 8-neighbour cell-connection

scheme.

In total, we calculated 160 550 pairwise landscape

distances (325 pairwise distances over 494 cost-distance

surfaces).

Model selection and parameter estimation

We modelled landscape effects on genetic distance

using an information-theoretic model-selection frame-

work (Burnham & Anderson 2001) to select the most

plausible model(s) explaining genetic distance (Dps and

cGD). Landscape genetics often uses Mantel tests to cor-

relate pairwise genetic distance with geographic dis-

tance (Storfer et al. 2010), which are generally limited to

three matrix comparisons (one response matrix and two

predictor matrices). Multiple regression on distance

matrices (MRDM; Legendre & Legendre 1998; Lichstein

2006) provides a framework to evaluate effects of multi-

ple predictors on pairwise genetic distance, to calculate

the coefficient of determination (R2) for each predictor

and to evaluate the relative importance of each predic-

tor variable on genetic distance. Moreover, this appro-

ach has high power and little type I error compared

to commonly used Mantel and partial Mantel tests

(Balkenhol & Waits 2009). Thus, the relative role of

multiple landscape characteristics can be objectively

assessed using this approach.

We used MRDM to fit 26 models to two genetic dis-

tances (52 models total) representing human-aided and

natural dispersal across multiple land-cover types.

Because each sample site has multiple genetic distances

associated with it, we tested for autocorrelation of these

Table 2 Land-cover types used to model natural and human-

influenced dispersal pathways. Natural pathways represent

dispersal across naturally occurring land-cover types (water,

forests, scrub, grassland). Human-influenced pathways include

dispersal via highways and across human-dominated land-

scapes (farms and urban areas). Detailed definitions of land-

cover types can be accessed via www.mrlc.gov/nlcd11_leg.php

Natural Human-influenced dispersal

Water Highways

Woody wetlands Farm

Herbaceous wetlands Pasture/hay

Open water Cultivated crops

All water* All farm†

Forest Urban areas

Deciduous Low intensity

Evergreen Medium intensity

Mixed High intensity

All forest Developed open area

Scrub‡ All urban§

Grassland/herbaceous

*Dispersal pathways were modelled across all land-cover types

in the ‘water’ category.
†Dispersal pathways were modelled across all land-cover types

in the ‘farm’ category.
‡Includes dwarf scrub and scrub/shrub.
§Dispersal pathways were modelled across all land-cover types

in the ‘urban’ category.

© 2014 John Wiley & Sons Ltd

POST- INVASION DISPERSAL 5

https://www.researchgate.net/publication/26791440_Molecular_road_ecology_Exploring_the_potential_of_genetics_for_investigating_transportation_impacts_on_wildlife?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/285999067_Spatial_Analysis_A_Guide_for_Ecologist?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/285999067_Spatial_Analysis_A_Guide_for_Ecologist?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8089340_Horizontal_and_vertical_dispersal_of_dengue_vector_mosquitoes_Aedes_aegypti_and_Aedes_albopictus_in_Singapore?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8089340_Horizontal_and_vertical_dispersal_of_dengue_vector_mosquitoes_Aedes_aegypti_and_Aedes_albopictus_in_Singapore?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719417_Landscape_genetics_Where_are_we_now?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225371642_Multiple_regression_on_distance_matrices_A_multivariate_spatial_analysis_tool?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225371642_Multiple_regression_on_distance_matrices_A_multivariate_spatial_analysis_tool?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==


values using a simulation method modified from Dela-

unay triangulation (Goldberg & Waits 2010). We

detected autocorrelation by comparing the similarity

between the mean rate of genetic distance for each site

(genetic distance/landscape distance) and the mean rate

of genetic distance sampled from a null distribution. To

create the null distribution, we bootstrap resampled

similarities of rates of genetic distance 10 000 times

from a full matrix of similarities between rates of

genetic distances from the entire data set. We compared

the mean similarity from the empirical data to the null

distribution; a P-value < 0.05 (after Bonferroni correc-

tion) was considered nonindependent, and the site was

removed from the analyses.

Landscape distances were included as models indi-

vidually or in combination with other distances based

upon highways (distance-weighted by traffic), and com-

binations of land-cover and highways (i.e. natural and

human-aided dispersal; Table 2 & Table S2, Supporting

information). We also included models representing

simple isolation by distance (IBD, based on Euclidean

distance only), a random model and a null model

(response variable = 1). The model set also included

two genetic distance measures, Dps and cGD. We eval-

uated collinearity among variables by creating a correla-

tion matrix and calculating variance inflation factors

(VIF; Burnham & Anderson 1998). Variables with a cor-

relation coefficient <0.5 and a VIF < 1.1 were not con-

sidered collinear and were included within additive

models. We calculated model significance using 10 000

permutations of Dps. We considered the model with

the lowest AIC value and the highest model weight as

the most plausible model in the set. To compare subor-

dinate models, we evaluated the evidence ratio as the

weight of the top model divided by the weight of the

model in the comparison. The evidence ratio for the top

model is always one. If the evidence ratio for a lesser

model is, for example, 3, the top model is three times

better than the model in the comparison. We used the

evidence ratio to compare the most plausible model to

the next best model and to the null and IBD models.

We considered top models equally important if their

AIC value was within 2 AIC units; if the top model

exceeded this difference, only one model was consid-

ered ‘best’ (Burnham & Anderson 1998). All statistical

analyses were conducted in R using the base package

(R Core Team 2013).

Results

Population genetics

Pairwise Dps ranged 0.11–0.28, and pairwise cGD

ranged 0.02–0.11 (Table S1, Supporting information).

Conditional genetic distance (cGD) performed poorly in

landscape models with a maximum R2 = 0.04, whereas

models using Dps performed consistently better (R2

ranged 0.10–0.25). Thus, we report landscape modelling

results for models using Dps.

Landscape distance

Landscape distance between pairs of locations can be

modelled by least cost or resistance (McRae et al. 2008;

Van Strien et al. 2012). For our model set, the top mod-

els at broad spatial scales (core-edge pairs, all pairs)

were those that used least-cost distances. For compari-

sons within the range core or within the range edge,

models using resistance distances provided a better fit

(Table 3).

Model selection

Our autocorrelation analyses revealed four sites whose

genetic distances were not independent: Baton Rouge,

LA; Columbia, MO, Liberty, MO, and Springfield, MO.

Data from these sites were omitted from the analyses.

All localities. Among all 22 (independent) localities

(Table 3, 231 pairwise comparisons), the most plausible

model was the additive model including least-cost dis-

tance across all water bodies, forests and highways.

This model performed substantially better than all

other models in the model set with a weight of 0.90,

where the second most plausible model had a weight

of 0.03 (Table 3). This model was >28 times more infor-

mative than the next best model and over 19 000 times

more informative than a model representing classic iso-

lation by distance (IBD, Table 3). The relationship

between distance across water bodies and genetic dis-

tance was positive and significant; as water body den-

sity increased, gene flow increased (Table 4). The

relationship between highway distance and genetic dis-

tance was positive, but not significant across all sites

(Table 4). Distance across forests, in contrast, was sig-

nificantly negatively associated with genetic distance;

as forest density increased, gene flow decreased

(Table 4).

Core-edge locality pairs. To evaluate potential routes for

northward range expansion, we compared landscape

genetics models representing dispersal between range-

core and range-edge localities (113 pairwise compari-

sons). Similar to the model selection for all localities,

the most plausible model for core-edge pairs was the

additive model including least-cost distance across all

water bodies, forests and highways. This model was

more informative than all other models in the model set
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Table 3 Two most informative models for genetic distance (Dps) between all locality pairs, core-edge pairs, range-edge localities and

range-core localities. The most informative model was chosen as the model with the lowest AIC and the highest model weight. A

null model (response = 1) and a model representing isolation by distance (IBD; geographic distance) are also provided for compari-

son of model performance. Model parameters are provided in Table 4

Model d.f. K Log (£) AIC wi* Evidence†

All locality pairs (n = 231)

All water LCP + all forest LCP + highway LCP 227 4 490.6060 �971.02 0.90 1

All water LCP 229 2 482.36 �964.67 0.03 28.88

Null model 230 1 478.35 �952.69 0.00 9542

Geographic distance (log) 229 2 478.67 �952.34 0.00 19 192

Core-edge pairs (n = 113)

All water LCP + all forest LCP + highway LCP 109 4 241.83 �473.28 0.66 1

Highway LCP + geographic distance 110 3 237.97 �467.72 0.04 16.08

Null model 112 1 234.04 �464.07 0.01 101.53

Geographic distance 111 2 234.50 �462.89 0.0002 179.94

Edge locality pairs (n = 78)

All forest R 76 2 160.71 �315.43 0.33 1

Deciduous forest R 76 2 160.00 �313.83 0.16 2.05

Null model 77 1 154.92 �305.80 0.002 114.0

Geographic distance 76 2 156.12 �306.07 0.001 99.35

Core locality pairs (n = 30)

All farm R + geographic distance 27 3 74.83 �140.73 0.16 1

All farm R 28 2 73.02 �139.59 0.09 1.77

Null model 29 1 70.55 �136.96 0.03 6.59

Geographic distance 28 2 71.20 �135.96 0.02 10.87

d.f., degrees of freedom; K, number of parameters estimated; log (£), maximized log likelihood; AIC, Akaike’s information criterion;

R, resistance distance; LCP, distance along a least-cost path.

*Model weight = probability that model is the actual (fitted) Kullback Leibler best model in the set.
†Evidence ratio = model weight of top model/model weight of candidate model.

Table 4 Results for most informative model for genetic distance (Dps) between all pairs of localities, core-edge pairs, range-edge

pairs and range-core pairs

Source d.f. Estimate SE t P R2

All locality pairs (n = 231)

Intercept 0.19 6.26 9 10�3 29.60 �0.001 0.10

All water LCP 1 6.34 9 10�10 1.72 9 10�10 3.70 <0.0001
All forest LCP 1 �3.24 9 10�9 1.02 9 10�9 �3.19 0.002

Highway LCP 1 5.66 9 10�4 3.54 9 10�4 1.60 0.112

Error 227 0.03

Core-edge pairs (n = 113)

Intercept 0.18 9.58 9 10�3 18.38 �0.001 0.13

All water LCP 1 5.32 9 10�10 2.55 9 10�10 2.09 0.04

All forest LCP 1 �3.17 9 10�9 1.40 9 10�9 �2.26 0.03

Highway LCP 1 1.44 9 10�3 5.26 9 10�4 2.74 0.007

Error 109 0.03

Edge pairs (n = 78)

Intercept 0.24 0.01 18.65 �0.001 0.14

All forest R 1 �1.78 9 10�4 5.12 9 10�5 �3.49 0.001

Error 76 0.03

Core pairs (n = 30)

Intercept 0.15 0.03 5.40 �0.001 0.25

All farm R 1 1.86 9 10�4 6.86 9 10�5 2.72 0.01

Geographic distance 1 �0.04 0.02 �1.87 0.07

Error 27 0.02

LCP, distance along least-cost path; R, resistance distance.
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with a weight of 0.66, where the second most informa-

tive model had a weight of 0.04 (Table 3). This model

was >16 times more informative than the next best

model and nearly 180 times more informative than a

model representing classic isolation by distance (IBD,

Table 3). The relationships between distances across

water bodies and highway distance were positive and

significant (Table 4). Gene flow between cities increased

as water body density and high-volume highway con-

nections increased (Table 4). In contrast, distances

across forests were significantly negatively related to

genetic distance; as forest density increased, gene flow

decreased (Table 4).

Range-edge localities. Among range-edge localities (78

pairwise comparisons), the most plausible model was

resistance distance across forests (including all forest

types), with a model weight of 0.33 (Table 3). This was

nearly 100 times more informative than IBD, but a sec-

ond model representing resistance distance across

deciduous forest was nearly equally supported with a

model weight of 0.16 (Table 3). Genetic distance and

resistance distance of all forests had a significant nega-

tive relationship; gene flow decreased as forest density

increased (Table 4).

Range-core localities. Among range-core localities (30

pairwise comparisons), additive model with resistance

distance across farms and straight-line geographic dis-

tance was the most plausible (Table 3) with a model

weight of 0.16. This model was just over 10 times more

informative than IBD and 6 times more informative

than the null model, and a second model with farm

resistance distance alone was nearly as informative with

a model weight of 0.09 (Table 3). Compared to other

analyses, those within the range core had the strongest

evidence of isolation by distance because of the influ-

ence of straight-line distance to model fit. After account-

ing for this pattern, resistance distance across farms had

a significant and negative relationship with genetic dis-

tance; farm density hinders gene flow in the range core

(Table 4).

Discussion

Using an integrative landscape genetics framework to

compare among models representing competing

hypotheses, we provide the first assessment of the rela-

tive contribution of human-aided vs. natural dispersal

to recent movement for an invasive species. Because

many introduced species including disease vectors and

pathogens arrive in new regions via human transport

(Crowl et al. 2008), their capacity for spread into climat-

ically suitable areas may be high. Introduced species

may rapidly fill new ranges and become fully estab-

lished in non-native regions, particularly if they possess

traits such as easily transported dormant stages (e.g.

eggs in diapause, dormant seeds), human-associated

habitat requirements (e.g. containers, plantations) and

short generation times. For instance, the red imported

fire ant, Solenopsis invicta, arrived in the USA in the

1930s and is thought to disperse via automobiles, ship-

ments of nursery stock and floodwaters (Tschinkel

2006). These modes of transport can be tested using

landscape genetics, and particular sites on the land-

scape can be identified as important areas to focus miti-

gation. Many other invasive species may also be good

candidates for this approach (e.g. Kudzu, emerald ash

borers, zebra mussels).

For Ae. albopictus, we provided the first rigorous test

of long-standing hypotheses about the spread of the

Asian tiger mosquito in the USA. We explicitly tested

the role of human-aided transport by including high-

way dispersal models – where high-traffic routes corre-

sponded to shorter effective landscape distances – and

models representing human-facilitated dispersal across

urban and agricultural areas. Our spatially partitioned

analyses show that gene flow for Ae. albopictus is influ-

enced by a combination of human-aided and natural

dispersal at the scale of the US range, and the role of

human-aided dispersal via highways is more apparent

between the core and edge of the range. However, agri-

cultural land use inhibits mosquito dispersal between

cities within the relatively smaller scale of the range

core.

At the two broadest spatial scales (all localities, core-

edge pairs), models pointed to dispersal facilitation in

landscapes with abundant surface water and highway

volume. Surface waters (wetlands, lakes, rivers) are not

themselves sites for the container-breeding Ae. albopic-

tus, but tend to be numerous where rainfall and relative

humidity are high (e.g. southeastern USA; Fig. 1). Thus,

connectivity may be facilitated where a higher density

of container habitats is maintained (via climate) and

stepping-stone dispersal is facilitated by reduced dis-

tances among local breeding sites. Highway connections

were important at a broad spatial extent, but their sig-

nificant correlation with genetic distance only between

range-core and range-edge pairs suggests that dispersal

to the current northern range limit is influenced by

human-aided transport along highway corridors. Thus,

efforts to prevent recolonization of eradicated sites

towards the northern range limit and further northward

spread should target containers that travel along inter-

state corridors that also contain cargo likely to harbour

eggs and juvenile stages of mosquitoes (e.g. tires, nurs-

ery plants; Hawley et al. 1987; Farajollahi & Nelder

2009).

© 2014 John Wiley & Sons Ltd

8 K. A. MEDLEY, D. G. JENKINS and E. A. HOFFMAN

https://www.researchgate.net/publication/43271679_The_spread_of_invasive_species_and_infectious_disease_as_drivers_of_ecosystem_change?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/19586153_Aedes_albopictus_in_North_America_Probable_introduction_in_used_tires_from_Northern_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==


Models correlating genetic and landscape distance at

a smaller spatial extent revealed negative relationships

between agricultural land cover and forests. Conversion

of land to agricultural land use since European settle-

ment of the USA is also correlated with removal of iso-

lated wetlands (McCauley & Jenkins 2005) and trees,

and thus mosquito habitat in general. More importantly

for Ae. albopictus, urban land cover and related density

of artificial containers is reduced in areas where agricul-

tural land use is dense and likely reduces habitat avail-

ability and access to stepping stones for dispersal and

gene flow. At the range edge, forests hindered gene

flow, even with extensive agricultural lands in the east-

ern Corn Belt and similarly mixed forest/agricultural

land use throughout much of the rest of the range (see

Fig. 1). We expected forests to facilitate gene flow

because Ae. albopictus inhabits forest edges both as lar-

vae in treeholes and as adults resting near areas with

suitable oviposition sites. However, in a previous study,

Ae. albopictus did not displace native Ae. triseriatus from

treehole habitats in undisturbed wooded areas (Louni-

bos 2002). Thus, biotic resistance in forests may limit

Ae. albopictus populations, effectively reducing gene

flow across this habitat type. Moreover, forests may

inhibit wind-mediated dispersal and provide a physical,

habitat-complexity filter for Ae. albopictus migration.

The US introduction of Ae. albopictus into Houston,

TX, in 1985 implicated the used tire trade for trans-

porting propagules from SE Asia (Hawley et al. 1987;

Craven et al. 1988), and subsequent spread across the

USA was assumed to occur via similar routes (e.g.

commercial or private vehicles) (Lounibos 2002). Our

results support this hypothesis at the broadest spatial

extent, and our spatially partitioned approach suggests

that human-aided transport is currently biased to long-

distance movement by highways between range-core

and range-edge locations, but is likely dominated by

natural movement at smaller distances. Thus, we

hypothesize that the USA invasion had an initial

human-aided spreading phase including jump-dis-

persal events followed by multinucleate diffusive

spread via both local human-aided transport and natu-

ral dispersal. The spreading phase likely resulted from

human-aided movement within the range and/or from

additional introductions rather than natural dispersal;

the rate of spread cannot be reconciled with the lim-

ited natural dispersal ability of this species (Hawley

et al. 1987; Moore & Mitchell 1997). However, the

genetic signature of that rapid spread is now only evi-

dent at the broadest spatial scale, and dispersal at

smaller spatial scales is currently overwhelmed by a

signature of natural dispersal, in part because sites

throughout range core have become well established

and abundant.

Methodological comparisons

Consistent with previous work, our landscape genetics

approach improved model fit compared to classic isola-

tion by distance (McRae & Beier 2007; Jenkins et al.

2010). Using evidence ratios, we showed that landscape

genetics models were orders of magnitude better than

IBD. Previous work also showed a substantial improve-

ment over IBD using resistance distances based on cir-

cuit theory (McRae et al. 2008). Our results showed that

resistance distances were informative where dispersal

was occurring across land-cover types that were contin-

uous, such as farms and forest. Least-cost paths

resulted in better model fit for models where dispersal

occurred between discrete land-cover types (e.g. water

availability, container habitat) or along highway corri-

dors.

Contrary to expectations, cGD performed poorly rela-

tive to Dps in our study, potentially a result of effects

of study scale relative to sampling density. Conditional

genetic distance (cGD) was developed as a more realis-

tic measure of gene flow, particularly when correlating

gene flow with landscape features (Dyer et al. 2010;

Garroway et al. 2011). As study extent increases and

sampling density decreases, cGD may imperfectly

assess genetic distance because of its reliance on topol-

ogy among sites (Beerli 2004). However, cGD performs

very well compared to traditional Fst-based distance

measures (Dyer et al. 2010). Regardless, our results sug-

gest that incorporating models with multiple genetic

distance measures into model selection frameworks is

useful, as distance measures may perform differently at

different spatial extents. Thus, we advocate a multimod-

el selection approach to landscape genetics that includes

alternative models and potentially multiple measures of

genetic distance (Cushman & Landguth 2010).

Directions forward

A major challenge ahead for landscape genetics and

species invasions is understanding landscape effects on

the distribution and spread of adaptive variation (Bal-

kenhol et al. 2009). For our study system, the relation-

ship between landscape features and variations in traits

affecting overwintering success (i.e. diapause) could

improve the understanding of northerly US range

expansion beyond that predicted by species distribution

models based on native climate (Medley 2010). The

combination of human-aided dispersal and novel land-

scape permeability in invaded ranges may alter gene

flow and shift adaptive potential for an exotic spec-

ies relative to its native range. If background rates of

gene flow are low, facilitated gene flow could provide

the genetic material necessary for adaptation to occur,
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particularly at range edges where populations are

sometimes genetically and demographically depauper-

ate, fragmented and subject to genetic drift (Holt 2003;

Garant et al. 2007). Moreover, genetic admixture from

multiple introductions could create hybrids that outper-

form founders (Geiger et al. 2011) or increase genetic

variation sufficiently for adaptation to occur (Kolbe

et al. 2004; Gillis et al. 2009). Indeed, many invasi-

ons have involved traits increasing invasive potential

(Thomas 2001; Phillips et al. 2006), but whether these are

consistently due to sampling effects from native source

populations, genetic admixture or adaptation is unclear.

Understanding the genetic consequences of landscape

patterns on gene flow and adaptation, particularly for

invasive species, is a promising avenue of continued

research.

Conclusions

Managing invasive species and disease risk are daunt-

ing tasks, but here we show how landscape genetics

can be used to identify dispersal corridors and inform

mitigation strategies. On the basis of our results, Ae. alb-

opictus may be controlled by emptying accumulated

water from artificial containers, and preventing the

transport of eggs and immature stages in commercial

shipments and in personal vehicles. The recommenda-

tion to remove container habitat is not new, but our

results emphasize the importance of this practice to

reduce local mosquito abundance and to eliminate

sources of recolonization. Municipalities often spray lar-

vicide or adulticide to manage mosquito populations,

so focusing management efforts where source localities

may contribute propagules to recolonization events – via

natural dispersal or within commercial shipments – is

important. At or near the northern range margin, timber

harvest or conversion of forest to other land uses may

facilitate Ae. albopictus dispersal and colonization eve-

nts where the range may be expanding (Farajollahi &

Nelder 2009).

Our results revealed a combined role of natural and

human-aided dispersal throughout the range of Ae.

albopictus only two decades after its initial introduction

into the USA. Naturalized populations have become

sufficiently dense that dispersal and recolonization are

now naturally sustained, but long-distance dispersal,

particularly between range-core and range-edge sites, is

ongoing. A similar trend may be expected for introduc-

tions of other exotic species, particularly those that

spread rapidly via human-aided transport and then

establish dense, naturally connected sites. Our results

affirm the importance of denying entry of exotic species

as well as rapid responses to eradicate soon after intro-

duction. In addition, multiple introductions can increase

genetic diversity and adaptive potential for some estab-

lished invasive species (Kolbe et al. 2004; Gillis et al.

2009); potential ports of introduction should remain vig-

ilant to continued importation of Ae. albopictus in used

tires and other shipments with the potential to cont-

ain eggs and/or larvae from other continents where Ae.

albopictus is now established. Finally, the spread of dis-

ease is often linked to human-aided transport, land-use

change and climate-change (Crowl et al. 2008); recent

advances in genetic and geographic techniques may

improve the utility of landscape genetics as a viable

assessment tool for mitigating disease risk, including

disease vectors such as Ae. albopictus, at a global scale.

Acknowledgements

This research was supported by funds from the James and

Annie Ying Eminent Scholar in Biology endowment to DGJ,

made possible by the generous support of Dr. Nelson Ying. We

thank numerous laboratory assistants for extracting DNA,

Brianna Kaiser for logistical support, the UCF Department of

Biology and Tyson Research Center. This manuscript greatly

benefited from reviews by Dr. Lisa McCauley, Dr. L.P. Lounibos,

Dr. Pedro Quintana-Ascencio and four anonymous referees.

References

Andrew RL, Bernatchez L, Bonin A et al. (2013) A road map

for molecular ecology. Molecular Ecology, 22, 2605–2626.

Ayres C, Rom~ao T, Melo-Santos M, Furtado A (2002) Genetic

diversity in Brazilian populations of Aedes albopictus. Mem-

orias Do Instituto Oswaldo Cruz, 97, 871–875.
Balkenhol N, Waits LP (2009) Molecular road ecology: explor-

ing the potential of genetics for investigating transportation

impacts on wildlife. Molecular Ecology, 18, 4151–4164.

Balkenhol N, Waits LP, Dezzani R (2009) Statistical approaches

in landscape genetics: an evaluation of methods for linking

landscape and genetic data. Ecography, 32, 818–830.
Beerli P (2004) Effect of unsampled populations on the estima-

tion of population sizes and migration rates between sam-

pled populations. Molecular Ecology, 13, 827–836.
Behbahani A, Dutton T, Raju A, Townson H, Sinkins S (2003)

Polymorphic microsatellite loci in the mosquito Aedes polyne-

siensis. Molecular Ecology Notes, 4, 59–61.

Bevins SN (2007) Invasive mosquitoes, larval competition, and

indirect effects on the vector competence of native mosquito

species. Biological Invasions, 10, 1109–1117.
Black WC IV, Ferrari JA, Rai KS, Sprenger D (1988) Breeding

structure of a colonising species: Aedes albopictus (Skuse) in

the United States. Heredity, 60, 173–181.

Black WC IV, McLain DK, Rai KS (1989) Patterns of variation

in the rDNA cistron within and among world populations of

a mosquito, Aedes albopictus (Skuse). Genetics, 121, 539–550.
Bohonak AJ, Jenkins DG (2003) Ecological and evolutionary

significance of dispersal by freshwater invertebrates. Ecology

Letters, 6, 783–796.

Bowcock A, Ruis-Linares A, Tomforhrde J et al. (1994) High

resolution of human evolutionary trees with polymorphic

microsatellites. Nature, 368, 455–457.

© 2014 John Wiley & Sons Ltd

10 K. A. MEDLEY, D. G. JENKINS and E. A. HOFFMAN

https://www.researchgate.net/publication/26791440_Molecular_road_ecology_Exploring_the_potential_of_genetics_for_investigating_transportation_impacts_on_wildlife?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/26791440_Molecular_road_ecology_Exploring_the_potential_of_genetics_for_investigating_transportation_impacts_on_wildlife?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/26791440_Molecular_road_ecology_Exploring_the_potential_of_genetics_for_investigating_transportation_impacts_on_wildlife?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227494110_Statistical_approaches_in_landscape_genetics_An_evaluation_of_methods_for_linking_landscape_and_genetic_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227494110_Statistical_approaches_in_landscape_genetics_An_evaluation_of_methods_for_linking_landscape_and_genetic_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227494110_Statistical_approaches_in_landscape_genetics_An_evaluation_of_methods_for_linking_landscape_and_genetic_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8070310_Effect_of_unsampled_populations_on_the_estimation_of_population_sizes_and_migration_rates_between_sampled_populations?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8070310_Effect_of_unsampled_populations_on_the_estimation_of_population_sizes_and_migration_rates_between_sampled_populations?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8070310_Effect_of_unsampled_populations_on_the_estimation_of_population_sizes_and_migration_rates_between_sampled_populations?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/230099807_Polymorphic_microsatellite_loci_in_the_mosquito_Aedes_polynesiensis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/230099807_Polymorphic_microsatellite_loci_in_the_mosquito_Aedes_polynesiensis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/230099807_Polymorphic_microsatellite_loci_in_the_mosquito_Aedes_polynesiensis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/19788943_Breeding_structure_of_a_colonising_species_Aedes_albopictus_Skuse_in_the_United_States?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/19788943_Breeding_structure_of_a_colonising_species_Aedes_albopictus_Skuse_in_the_United_States?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/19788943_Breeding_structure_of_a_colonising_species_Aedes_albopictus_Skuse_in_the_United_States?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20440874_Patterns_of_variation_in_the_rDNA_cistron_within_and_among_World_populations_of_a_mosquito?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20440874_Patterns_of_variation_in_the_rDNA_cistron_within_and_among_World_populations_of_a_mosquito?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20440874_Patterns_of_variation_in_the_rDNA_cistron_within_and_among_World_populations_of_a_mosquito?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227770440_Ecological_and_evolutionary_significance_of_dispersal_by_freshwater_invertebrates?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227770440_Ecological_and_evolutionary_significance_of_dispersal_by_freshwater_invertebrates?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227770440_Ecological_and_evolutionary_significance_of_dispersal_by_freshwater_invertebrates?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/43271679_The_spread_of_invasive_species_and_infectious_disease_as_drivers_of_ecosystem_change?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/261795216_The_multifarious_effects_of_dispersal_and_gene_flow_on_contemporary_adaptation_Functional_Ecology_This_Volume?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/259709134_Hybrid_Vigor_for_the_Invasive_Exotic_Brazilian_Peppertree_Schinus_terebinthifolius_Raddi_Anacardiaceae_in_Florida?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227502228_Higher_genetic_diversity_in_introduced_than_in_native_populations_of_the_mussel_Mytella_charruana_Evidence_of_population_admixture_at_introduction_sites?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227502228_Higher_genetic_diversity_in_introduced_than_in_native_populations_of_the_mussel_Mytella_charruana_Evidence_of_population_admixture_at_introduction_sites?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227502228_Higher_genetic_diversity_in_introduced_than_in_native_populations_of_the_mussel_Mytella_charruana_Evidence_of_population_admixture_at_introduction_sites?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/279583765_On_the_evolutionary_ecology_of_species'_ranges?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/11952739_Ecological_and_evolutionary_processes_at_expanding_range_margins?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/7295140_Invasion_and_the_evolution_of_speed_toads?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225920593_Invasive_mosquitoes_larval_competition_and_indirect_effects_on_the_vector_competence_of_native_mosquito_species_Diptera_Culicidae?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225920593_Invasive_mosquitoes_larval_competition_and_indirect_effects_on_the_vector_competence_of_native_mosquito_species_Diptera_Culicidae?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225920593_Invasive_mosquitoes_larval_competition_and_indirect_effects_on_the_vector_competence_of_native_mosquito_species_Diptera_Culicidae?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/11074285_Genetic_diversity_in_Brazilian_Populations_of_Aedes_albopictus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/11074285_Genetic_diversity_in_Brazilian_Populations_of_Aedes_albopictus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/11074285_Genetic_diversity_in_Brazilian_Populations_of_Aedes_albopictus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==


Braks MAH, Honorio NA, Lounibos LP, Lourenco-de-Oliveria

R, Juliano SA (2004) Interspecific competition between two

invasive species of container mosquitoes, Aedes aegypti and

Aedes albopictus (Diptera: Culicidae), in Brazil. Annals of the

Entomological Society of America, 97, 130–139.

Burnham KP, Anderson DR (1998) Model Selection and Multi-

model Inference. Springer, New York, NY.

Burnham KP, Anderson DR (2001) Kullback-Leibler informa-

tion as a basis for strong inference in ecological studies.

Wildlife Research, 28, 111–119.
Charrel R, de Lamballerie X, Raoult D (2007) Chikungunya

outbreaks-the globalization of vectorborne diseases. New

England Journal of Medicine, 356, 769–771.

Craven R, Eliason D, Francy D et al. (1988) Importation of

Aedes albopictus and other exotic mosquito species into the

United States in used tires from Asia. Journal of the American

Mosquito Control Association, 4, 138–142.

Crowl TA, Crist TO, Parmenter RR, Belovsky G, Lugo AE

(2008) The spread of invasive species and infectious disease

as drivers of ecosystem change. Frontiers in Ecology and the

Environment, 6, 238–246.

Cushman SA, Landguth EL (2010) Scale dependent inference

in landscape genetics. Landscape Ecology, 25, 967–979.

Dyer RJ (2009) GeneticStudio: a suite of programs for spatial

analysis of genetic-marker data. Molecular Ecology Resources,

9, 110–113.
Dyer RJ, Nason JD, Garrick RC (2010) Landscape modelling of

gene flow: improved power using conditional genetic dis-

tance derived from the topology of population networks.

Molecular Ecology, 19, 3746–3759.

Enserink M (2008) Entomology: a mosquito goes global. Science,

320, 864–866.

Farajollahi A, Nelder MP (2009) Changes in Aedes albopictus

(Diptera: Culicidae) populations in New Jersey and implica-

tions for arbovirus transmission. Journal of Medical Entomol-

ogy, 46, 1220–1224.

Fortin M-J, Dale M (2005) Spatial Analysis: A Guide for Ecologists.

Cambridge University Press, Cambridge, UK.

Fry J, Xian G, Jin S et al. (2011) Completion of the 2006 national

land cover database for the conterminous United States. Pho-

togrammetric Engineering and Remote Sensing, 77, 858–864.
Garant D, Forde SE, Hendry AP (2007) The multifarious effects

of dispersal and gene flow on contemporary adaptation.

Functional Ecology, 21, 434–443.

Garroway CJ, Bowman J, Wilson PJ (2011) Using a genetic net-

work to parameterize a landscape resistance surface for fish-

ers, Martes pennanti. Molecular Ecology, 20, 3978–3988.
Geiger JH, Pratt PD, Wheeler GS, Williams D (2011) Hybrid

vigor for the invasive exotic Brazilian Peppertree (Schinus

terebinthifolius Raddi., Anacardiaceae) in Florida. International

Journal of Plant Sciences, 172, 655–663.
Gillis NK, Walters LJ, Fernandes FC, Hoffman EA (2009)

Higher genetic diversity in introduced than in native popula-

tions of the mussel Mytella charruana: evidence of population

admixture at introduction sites. Diversity and Distributions,

15, 784–795.

Goldberg CS, Waits LP (2010) Comparative landscape genetics

of two pond-breeding amphibian species in a highly modi-

fied agricultural landscape. Molecular ecology, 19, 3650–3663.
Gratz NG (2004) Critical review of the vector status of Aedes

albopictus. Medical and Veterinary Entomology, 18, 215–227.

Hawley WA (1988) The biology of Aedes albopictus. Journal of

the American Mosquito Control Association, Suppl. 4, 1–10.
Hawley WA, Reiter P, Copeland RS, Pumpuni CB, Craig GB

(1987) Aedes albopictus in North America: probable introduc-

tion in used tires from Northern Asia. Science, 236, 1114–

1116.

Hether TD, Hoffman EA (2012) Machine learning identifies

specific habitats associated with genetic connectivity in Hyla

squirella. Journal of Evolutionary Biology, 25, 1039–1052.

Holt RD (2003) On the evolutionary ecology of species’ ranges.

Evolutionary Ecology Research, 5, 159–178.

Jenkins DG, Carey M, Czerniewska J et al. (2010) A meta-analy-

sis of isolation by distance: relic or reference standard for

landscape genetics? Ecography, 33, 315–320.
Kambhampati S, Black WC IV, Rai KS, Sprenger D (1990) Tem-

poral variation in genetic structure of a colonising species:

Aedes albopictus in the United States. Heredity, 64, 281–287.

Kolar CS, Lodge DM (2001) Progress in invasion biology: pre-

dicting invaders. Trends in ecology & evolution, 16, 199–204.

Kolbe JJ, Glor RE, Schettino LR et al. (2004) Genetic variation

increases during biological invasion by a Cuban lizard. Nat-

ure, 431, 177–181.
Lada H, Thomson JR, Nally R, Mac Taylor AC (2008) Impacts

of massive landscape change on a carnivorous marsupial in

south-eastern Australia: inferences from landscape genetics

analysis. Journal of Applied Ecology, 45, 1732–1741.
Legendre P, Legendre L (1998) Developments in Environmental

Modelling. Elsevier, Amsterdam, The Netherlands.

Lichstein JW (2006) Multiple regression on distance matrices: a

multivariate spatial analysis tool. Plant Ecology, 188, 117–131.

Liew C, Curtis CF (2004) Horizontal and vertical dispersal of

dengue vector mosquitoes, Aedes aegypti and Aedes albopictus,

in Singapore. Medical and Veterinary Entomology, 18, 351–360.
Lounibos LP (2002) Invasions by insect vectors of human dis-

ease. Annual Review of Entomology, 47, 233–266.
Manel S, Schwartz MK, Luikart G, Taberlet P (2003) Landscape

genetics: combining landscape ecology and population genet-

ics. Trends in Ecology and Evolution, 18, 189–197.

May SE, Medley KA, Johnson SA, Hoffman EA (2011) Combin-

ing genetic structure and ecological niche modeling to estab-

lish units of conservation: a case study of an imperiled

salamander. Biological Conservation, 144, 1441–1450.

McCauley L, Jenkins DG (2005) GIS-based estimates of former

and current depressional wetlands in an agricultural land-

scape. Ecological Applications, 15, 1199–1208.
McRae BH, Beier P (2007) Circuit theory predicts gene flow in

plant and animal populations. Proceedings of the National

Academy of Sciences, 104, 19885–19890.

McRae BH, Dickson BG, Keitt TH, Shah VB (2008) Using circuit

theory to model connectivity in ecology, evolution, and con-

servation. Ecology, 89, 2712–2724.
Medley KA (2010) Niche shifts during the global invasion of

the Asian tiger mosquito, Aedes albopictus Skuse (Culicidae),

revealed by reciprocal distribution models. Global Ecology and

Biogeography, 19, 122–133.
Minch E, Ruiz-Linares A, Goldstein D, Feldman M, Cavalli-

Sforza LL (1996) A computer program for calculating various

statistics on microsatellite allele data. MICROSAT v 1.5b.

Moore CG, Mitchell CJ (1997) Aedes albopictus in the United

States: ten-year presence and public health implications.

Emerging Infectious Diseases, 3, 329–334.

© 2014 John Wiley & Sons Ltd

POST- INVASION DISPERSAL 11

https://www.researchgate.net/publication/232682270_Interspecific_Competition_Between_Two_Invasive_Species_of_Container_Mosquitoes_Aedes_aegypti_and_Aedes_albopictus_Diptera_Culicidae_in_Brazil?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/232682270_Interspecific_Competition_Between_Two_Invasive_Species_of_Container_Mosquitoes_Aedes_aegypti_and_Aedes_albopictus_Diptera_Culicidae_in_Brazil?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/232682270_Interspecific_Competition_Between_Two_Invasive_Species_of_Container_Mosquitoes_Aedes_aegypti_and_Aedes_albopictus_Diptera_Culicidae_in_Brazil?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/232682270_Interspecific_Competition_Between_Two_Invasive_Species_of_Container_Mosquitoes_Aedes_aegypti_and_Aedes_albopictus_Diptera_Culicidae_in_Brazil?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/232682270_Interspecific_Competition_Between_Two_Invasive_Species_of_Container_Mosquitoes_Aedes_aegypti_and_Aedes_albopictus_Diptera_Culicidae_in_Brazil?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20252166_Importation_of_Ades_albopictus_and_other_exotic_mosquito_species_into_the_Unites_States_in_used_tires_from_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20252166_Importation_of_Ades_albopictus_and_other_exotic_mosquito_species_into_the_Unites_States_in_used_tires_from_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20252166_Importation_of_Ades_albopictus_and_other_exotic_mosquito_species_into_the_Unites_States_in_used_tires_from_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20252166_Importation_of_Ades_albopictus_and_other_exotic_mosquito_species_into_the_Unites_States_in_used_tires_from_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/43271679_The_spread_of_invasive_species_and_infectious_disease_as_drivers_of_ecosystem_change?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/43271679_The_spread_of_invasive_species_and_infectious_disease_as_drivers_of_ecosystem_change?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/43271679_The_spread_of_invasive_species_and_infectious_disease_as_drivers_of_ecosystem_change?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/43271679_The_spread_of_invasive_species_and_infectious_disease_as_drivers_of_ecosystem_change?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225449344_Scale_dependent_inference_in_landscape_genetics?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225449344_Scale_dependent_inference_in_landscape_genetics?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/51119376_GeneticStudio_A_suite_of_programs_for_spatial_analysis_of_genetic-marker_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/51119376_GeneticStudio_A_suite_of_programs_for_spatial_analysis_of_genetic-marker_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/51119376_GeneticStudio_A_suite_of_programs_for_spatial_analysis_of_genetic-marker_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719408_Landscape_modelling_of_gene_flow_Improved_power_using_conditional_genetic_distance_derived_from_the_topology_of_population_networks?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719408_Landscape_modelling_of_gene_flow_Improved_power_using_conditional_genetic_distance_derived_from_the_topology_of_population_networks?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719408_Landscape_modelling_of_gene_flow_Improved_power_using_conditional_genetic_distance_derived_from_the_topology_of_population_networks?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719408_Landscape_modelling_of_gene_flow_Improved_power_using_conditional_genetic_distance_derived_from_the_topology_of_population_networks?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/285999067_Spatial_Analysis_A_Guide_for_Ecologist?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/285999067_Spatial_Analysis_A_Guide_for_Ecologist?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/261795216_The_multifarious_effects_of_dispersal_and_gene_flow_on_contemporary_adaptation_Functional_Ecology_This_Volume?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/261795216_The_multifarious_effects_of_dispersal_and_gene_flow_on_contemporary_adaptation_Functional_Ecology_This_Volume?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/261795216_The_multifarious_effects_of_dispersal_and_gene_flow_on_contemporary_adaptation_Functional_Ecology_This_Volume?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/51611921_Using_a_genetic_network_to_parameterize_a_landscape_resistance_surface_for_fishers_Martes_pennanti?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/51611921_Using_a_genetic_network_to_parameterize_a_landscape_resistance_surface_for_fishers_Martes_pennanti?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/51611921_Using_a_genetic_network_to_parameterize_a_landscape_resistance_surface_for_fishers_Martes_pennanti?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/259709134_Hybrid_Vigor_for_the_Invasive_Exotic_Brazilian_Peppertree_Schinus_terebinthifolius_Raddi_Anacardiaceae_in_Florida?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/259709134_Hybrid_Vigor_for_the_Invasive_Exotic_Brazilian_Peppertree_Schinus_terebinthifolius_Raddi_Anacardiaceae_in_Florida?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/259709134_Hybrid_Vigor_for_the_Invasive_Exotic_Brazilian_Peppertree_Schinus_terebinthifolius_Raddi_Anacardiaceae_in_Florida?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/259709134_Hybrid_Vigor_for_the_Invasive_Exotic_Brazilian_Peppertree_Schinus_terebinthifolius_Raddi_Anacardiaceae_in_Florida?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227502228_Higher_genetic_diversity_in_introduced_than_in_native_populations_of_the_mussel_Mytella_charruana_Evidence_of_population_admixture_at_introduction_sites?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227502228_Higher_genetic_diversity_in_introduced_than_in_native_populations_of_the_mussel_Mytella_charruana_Evidence_of_population_admixture_at_introduction_sites?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227502228_Higher_genetic_diversity_in_introduced_than_in_native_populations_of_the_mussel_Mytella_charruana_Evidence_of_population_admixture_at_introduction_sites?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227502228_Higher_genetic_diversity_in_introduced_than_in_native_populations_of_the_mussel_Mytella_charruana_Evidence_of_population_admixture_at_introduction_sites?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/227502228_Higher_genetic_diversity_in_introduced_than_in_native_populations_of_the_mussel_Mytella_charruana_Evidence_of_population_admixture_at_introduction_sites?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719418_Comparative_landscape_genetics_of_two_pond-breeding_amphibian_species_in_a_highly_modified_agricultural_landscape?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719418_Comparative_landscape_genetics_of_two_pond-breeding_amphibian_species_in_a_highly_modified_agricultural_landscape?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719418_Comparative_landscape_genetics_of_two_pond-breeding_amphibian_species_in_a_highly_modified_agricultural_landscape?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8366753_Critical_review_of_the_vector_status_of_Aedes_albopictus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8366753_Critical_review_of_the_vector_status_of_Aedes_albopictus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/19586153_Aedes_albopictus_in_North_America_Probable_introduction_in_used_tires_from_Northern_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/19586153_Aedes_albopictus_in_North_America_Probable_introduction_in_used_tires_from_Northern_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/19586153_Aedes_albopictus_in_North_America_Probable_introduction_in_used_tires_from_Northern_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/19586153_Aedes_albopictus_in_North_America_Probable_introduction_in_used_tires_from_Northern_Asia?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/223968871_Machine_learning_identifies_specific_habitats_associated_with_genetic_connectivity_in_Hyla_squirella?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/223968871_Machine_learning_identifies_specific_habitats_associated_with_genetic_connectivity_in_Hyla_squirella?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/223968871_Machine_learning_identifies_specific_habitats_associated_with_genetic_connectivity_in_Hyla_squirella?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/279583765_On_the_evolutionary_ecology_of_species'_ranges?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/279583765_On_the_evolutionary_ecology_of_species'_ranges?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20815381_Temporal_variation_in_genetic_structure_of_a_colonising_species_Aedes_albopictus_in_the_United_States?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20815381_Temporal_variation_in_genetic_structure_of_a_colonising_species_Aedes_albopictus_in_the_United_States?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/20815381_Temporal_variation_in_genetic_structure_of_a_colonising_species_Aedes_albopictus_in_the_United_States?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/229151336_Impacts_of_massive_landscape_change_on_a_carnivorous_marsupial_in_south-eastern_Australia_Inferences_from_landscape_genetics_analysis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/229151336_Impacts_of_massive_landscape_change_on_a_carnivorous_marsupial_in_south-eastern_Australia_Inferences_from_landscape_genetics_analysis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/229151336_Impacts_of_massive_landscape_change_on_a_carnivorous_marsupial_in_south-eastern_Australia_Inferences_from_landscape_genetics_analysis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/229151336_Impacts_of_massive_landscape_change_on_a_carnivorous_marsupial_in_south-eastern_Australia_Inferences_from_landscape_genetics_analysis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8089340_Horizontal_and_vertical_dispersal_of_dengue_vector_mosquitoes_Aedes_aegypti_and_Aedes_albopictus_in_Singapore?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8089340_Horizontal_and_vertical_dispersal_of_dengue_vector_mosquitoes_Aedes_aegypti_and_Aedes_albopictus_in_Singapore?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/8089340_Horizontal_and_vertical_dispersal_of_dengue_vector_mosquitoes_Aedes_aegypti_and_Aedes_albopictus_in_Singapore?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/232361193_Combining_genetic_structure_and_ecological_niche_modeling_to_establish_units_of_conservation_A_case_study_of_an_imperiled_salamander?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/232361193_Combining_genetic_structure_and_ecological_niche_modeling_to_establish_units_of_conservation_A_case_study_of_an_imperiled_salamander?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/232361193_Combining_genetic_structure_and_ecological_niche_modeling_to_establish_units_of_conservation_A_case_study_of_an_imperiled_salamander?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/232361193_Combining_genetic_structure_and_ecological_niche_modeling_to_establish_units_of_conservation_A_case_study_of_an_imperiled_salamander?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/228995334_GIS-based_estimates_of_former_and_current_depressional_wetlands_in_an_agricultural_landscape?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/228995334_GIS-based_estimates_of_former_and_current_depressional_wetlands_in_an_agricultural_landscape?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/228995334_GIS-based_estimates_of_former_and_current_depressional_wetlands_in_an_agricultural_landscape?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/13937309_Aedes_albopictus_in_the_United_States_Ten-Year_Presence_and_Public_Health_Implications?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/13937309_Aedes_albopictus_in_the_United_States_Ten-Year_Presence_and_Public_Health_Implications?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/13937309_Aedes_albopictus_in_the_United_States_Ten-Year_Presence_and_Public_Health_Implications?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/282057816_Landscape_genetics_combining_landscape_ecology_and_population_genetics?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/282057816_Landscape_genetics_combining_landscape_ecology_and_population_genetics?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/282057816_Landscape_genetics_combining_landscape_ecology_and_population_genetics?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/285296858_Model_Selection_and_Multimodel_Inference?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/285296858_Model_Selection_and_Multimodel_Inference?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/23426973_McRae_BH_Dickson_BG_Keitt_TH_Shah_VB_Using_circuit_theory_to_model_connectivity_in_ecology_evolution_and_conservation_Ecology_89_2712-2724?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/23426973_McRae_BH_Dickson_BG_Keitt_TH_Shah_VB_Using_circuit_theory_to_model_connectivity_in_ecology_evolution_and_conservation_Ecology_89_2712-2724?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/23426973_McRae_BH_Dickson_BG_Keitt_TH_Shah_VB_Using_circuit_theory_to_model_connectivity_in_ecology_evolution_and_conservation_Ecology_89_2712-2724?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225371642_Multiple_regression_on_distance_matrices_A_multivariate_spatial_analysis_tool?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/225371642_Multiple_regression_on_distance_matrices_A_multivariate_spatial_analysis_tool?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/5363666_Entomology_A_Mosquito_Goes_Global?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/5363666_Entomology_A_Mosquito_Goes_Global?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/12086287_Progress_in_invasion_biology_Predicting_invaders?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/12086287_Progress_in_invasion_biology_Predicting_invaders?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/11626986_Invasions_by_insect_vectors_of_human_disease?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/11626986_Invasions_by_insect_vectors_of_human_disease?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==


Murphy MA, Dezzani R, Pilliod DS, Storfer A (2010) Land-

scape genetics of high mountain frog metapopulations.

Molecular ecology, 19, 3634–3649.

Phillips BL, Brown GP, Webb JK, Shine R (2006) Invasion and

the evolution of speed in toads. Nature, 439, 803.

Porretta D, Gargani M, Bellini R, Calvitti M, Urbaneli S (2006)

Isolation of microsatellite markers in the tiger mosquito

Aedes albopictus (Skuse). Molecular Ecology, 6, 880–881.
R Core Team (2013) R: A Language and Environment for Sta-

tistical Computing. R Foundation for Statistical Computing,

Vienna, Austria. Available from http://R-project.org/.

Radespiel U, Rakotondravony R, Chikhi L (2008) Natural and

anthropogenic determinants of genetic structure in the larg-

est remaining population of the endangered Golden-Brown

Mouse Lemur, Microcebus ravelobensis. American Journal of Pri-

matology, 70, 860–870.
Randolph SE, Rogers DJ (2010) The arrival, establishment and

spread of exotic diseases: patterns and predictions. Nature

Reviews Microbiology, 8, 361–371.

Rasic G, Keyghobadi N (2012) From broadscale patterns to

fine-scale processes: habitat structure influences genetic dif-

ferentiation in the pitcher plant midge across multiple spatial

scales. Molecular Ecology, 21, 223–236.

Raymond M, Rousset F (1995) GENEPOP (Version 1.2): popu-

lation genetics software for exact tests and ecumenicism.

Journal of Heredity, 86, 248–249.
Reiter P, Fontenille D, Paupy C (2006) Aedes albopictus as an

epidemic vector of chikungunya virus: another emerging

problem? The Lancet Infectious Diseases, 6, 463–464.
Schuelke M (2000) An economic method for the fluorescent

labeling of PCR fragments: a poor man’ s approach to geno-

typing for research and high-throughput diagnostics. Nature

Biotechnology, 18, 1–2.
Shah VB, McRae B (2008) Using circuit theory to model con-

nectivity in ecology, evolution, and conservation. Ecology, 89,

2712–2724.

Shigesada N, Kawasaki K (2001) Biological Invasions: Theory and

Practice. Oxford University Press, Oxford, UK.

Slatkin M (1985) Gene flow in natural populations. Annual

Review of Ecology and Systematics, 16, 393–430.

Slotman MA, Kelly NB, Harrington LC et al. (2006) Polymor-

phic microsatellite markers for studies of Aedes aegypti (Dip-

tera: Culicidae), the vector of dengue and yellow fever.

Molecular Ecology Notes, 7, 168–171.

Spear SF, Storfer A (2010) Anthropogenic and natural distur-

bance lead to differing patterns of gene flow in the Rocky

Mountain tailed frog, Ascaphus montanus. Biological Conserva-

tion, 143, 778–786.

Storfer A, Murphy MA, Evans JS et al. (2007) Putting the “land-

scape” in landscape genetics. Heredity, 98, 128–142.

Storfer A, Murphy MA, Spear SF, Holderegger R, Waits LP

(2010) Landscape genetics: where are we now? Molecular

Ecology, 19, 3496–3514.
Suarez A, Tsutsui N (2008) The evolutionary consequences of

biological invasions. Molecular Ecology, 17, 351–360.
Thomas CD (2001) Ecological and evolutionary processes at

expanding range margins. Nature, 411, 577–581.

Tschinkel WR (2006) The Fire Ants. The Belknap Press of Har-

vard University Press, Cambridge, MA.

Urbanelli S, Bellini R, Carrieri M, Sallicandro P, Celli G (2000)

Population structure of Aedes albopictus (Skuse): the mosquito

which is colonizing Mediterranean countries. Heredity, 84,

331–337.
Van Oosterhout C, Hutchinson WF, Wills DPM, Shipley P

(2004) Micro-Checker: software for identifying and correcting

genotyping errors in microsatellite data. Molecular Ecology

Notes, 4, 535–538.
Van Strien MJ, Keller D, Holderegger R (2012) A new analyti-

cal approach to landscape genetic modelling: least-cost tran-

sect analysis and linear mixed models. Molecular ecology, 21,

4010–4023.
Vellend M, Harmon LJ, Lockwood JL et al. (2007) Effects of

exotic species on evolutionary diversification. Trends in Ecol-

ogy & Evolution, 22, 481–488.

Vignieri SN (2005) Streams over mountains: influence of ripar-

ian connectivity on gene flow in the Pacific jumping mouse

(Zapus trinotatus). Molecular Ecology, 14, 1925–1937.
Walsh PS, Metzger DA, Higuchi R (1991) Chelex 100 as a med-

ium for simple extraction of DNA for PCR-based typing

from forensic material. BioTechniques, 10, 506–513.

Zalewski A, Piertney SB, Zalewska H, Lambin X (2009) Land-

scape barriers reduce gene flow in an invasive carnivore:

geographical and local genetic structure of American mink

in Scotland. Molecular Ecology, 18, 1601–1615.

K.A.M., D.G.J. and E.A.H. designed the study; K.A.M.

performed the research and conducted the analyses;

and all authors wrote the manuscript.

Data accessibility

Data and scripts have been archived with Dryad

(doi:10.5061/dryad.4f0da).

Supporting information

Additional supporting information may be found in the online ver-

sion of this article.

Table S1 Pairwise cGD (bottom left triangular matrix) and Dps

(top right triangular matrix) among localities within the core

and along the edge of the US range for Ae. albopictus. Compari-

sons within regions are shaded.

Table S2 Landscape models, where the response was genetic

distance (Dps or cGD) and the landscape distances were either

least-cost path distance or resistance distance.

© 2014 John Wiley & Sons Ltd

12 K. A. MEDLEY, D. G. JENKINS and E. A. HOFFMAN

View publication statsView publication stats

https://www.researchgate.net/publication/45719411_Landscape_genetics_of_high_mountain_frog_populations?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719411_Landscape_genetics_of_high_mountain_frog_populations?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719411_Landscape_genetics_of_high_mountain_frog_populations?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/5337675_Natural_and_anthropogenic_determinants_of_genetic_structure_in_the_largest_remaining_population_of_the_endangered_golden-brown_mouse_lemur_Microcebus_ravelobensis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/5337675_Natural_and_anthropogenic_determinants_of_genetic_structure_in_the_largest_remaining_population_of_the_endangered_golden-brown_mouse_lemur_Microcebus_ravelobensis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/5337675_Natural_and_anthropogenic_determinants_of_genetic_structure_in_the_largest_remaining_population_of_the_endangered_golden-brown_mouse_lemur_Microcebus_ravelobensis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/5337675_Natural_and_anthropogenic_determinants_of_genetic_structure_in_the_largest_remaining_population_of_the_endangered_golden-brown_mouse_lemur_Microcebus_ravelobensis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/5337675_Natural_and_anthropogenic_determinants_of_genetic_structure_in_the_largest_remaining_population_of_the_endangered_golden-brown_mouse_lemur_Microcebus_ravelobensis?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/43050432_The_arrival_establishment_and_spread_of_exotic_diseases_Patterns_and_predictions?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/43050432_The_arrival_establishment_and_spread_of_exotic_diseases_Patterns_and_predictions?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/43050432_The_arrival_establishment_and_spread_of_exotic_diseases_Patterns_and_predictions?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/6914988_Aedes_albopictus_as_an_epidemic_vector_of_chikungunya_virus_another_emerging_problem?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/6914988_Aedes_albopictus_as_an_epidemic_vector_of_chikungunya_virus_another_emerging_problem?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/6914988_Aedes_albopictus_as_an_epidemic_vector_of_chikungunya_virus_another_emerging_problem?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/248200310_Anthropogenic_and_natural_disturbance_lead_to_differing_patterns_of_gene_flow_in_the_Rocky_Mountain_tailed_frog_Ascaphus_montanus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/248200310_Anthropogenic_and_natural_disturbance_lead_to_differing_patterns_of_gene_flow_in_the_Rocky_Mountain_tailed_frog_Ascaphus_montanus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/248200310_Anthropogenic_and_natural_disturbance_lead_to_differing_patterns_of_gene_flow_in_the_Rocky_Mountain_tailed_frog_Ascaphus_montanus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/248200310_Anthropogenic_and_natural_disturbance_lead_to_differing_patterns_of_gene_flow_in_the_Rocky_Mountain_tailed_frog_Ascaphus_montanus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719417_Landscape_genetics_Where_are_we_now?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719417_Landscape_genetics_Where_are_we_now?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/45719417_Landscape_genetics_Where_are_we_now?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/12554923_Population_structure_of_Aedes_albopictus_Skuse_The_mosquito_which_is_colonizing_Mediterranean_countries?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/12554923_Population_structure_of_Aedes_albopictus_Skuse_The_mosquito_which_is_colonizing_Mediterranean_countries?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/12554923_Population_structure_of_Aedes_albopictus_Skuse_The_mosquito_which_is_colonizing_Mediterranean_countries?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/12554923_Population_structure_of_Aedes_albopictus_Skuse_The_mosquito_which_is_colonizing_Mediterranean_countries?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/223995674_MICRO-CHECKER_Software_for_identifying_and_correcting_genotyping_errors_in_microsatellite_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/223995674_MICRO-CHECKER_Software_for_identifying_and_correcting_genotyping_errors_in_microsatellite_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/223995674_MICRO-CHECKER_Software_for_identifying_and_correcting_genotyping_errors_in_microsatellite_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/223995674_MICRO-CHECKER_Software_for_identifying_and_correcting_genotyping_errors_in_microsatellite_data?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/228080878_A_new_analytical_approach_to_landscape_genetic_modelling_Least-cost_transect_analysis_and_linear_mixed_models?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/228080878_A_new_analytical_approach_to_landscape_genetic_modelling_Least-cost_transect_analysis_and_linear_mixed_models?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/228080878_A_new_analytical_approach_to_landscape_genetic_modelling_Least-cost_transect_analysis_and_linear_mixed_models?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/228080878_A_new_analytical_approach_to_landscape_genetic_modelling_Least-cost_transect_analysis_and_linear_mixed_models?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/230694756_Biological_Invasions_Theory_And_Practice?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/230694756_Biological_Invasions_Theory_And_Practice?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/230123208_Isolation_of_microsatellite_markers_in_the_tiger_mosquito_Aedes_albopictus_Skuse_Molec?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/230123208_Isolation_of_microsatellite_markers_in_the_tiger_mosquito_Aedes_albopictus_Skuse_Molec?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/230123208_Isolation_of_microsatellite_markers_in_the_tiger_mosquito_Aedes_albopictus_Skuse_Molec?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/21287845_Chelex_100_as_a_Medium_for_Simple_Extraction_of_DNA_for_PCR-Based_Typing_from_Forensic_Material?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/21287845_Chelex_100_as_a_Medium_for_Simple_Extraction_of_DNA_for_PCR-Based_Typing_from_Forensic_Material?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/21287845_Chelex_100_as_a_Medium_for_Simple_Extraction_of_DNA_for_PCR-Based_Typing_from_Forensic_Material?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/275509173_Gene_Flow_in_Natural_Populations?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/275509173_Gene_Flow_in_Natural_Populations?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/274015857_Team_RDCR_A_Language_And_Environment_For_Statistical_Computing_R_Foundation_for_Statistical_Computing_Vienna_Austria?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/274015857_Team_RDCR_A_Language_And_Environment_For_Statistical_Computing_R_Foundation_for_Statistical_Computing_Vienna_Austria?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/274015857_Team_RDCR_A_Language_And_Environment_For_Statistical_Computing_R_Foundation_for_Statistical_Computing_Vienna_Austria?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/7295140_Invasion_and_the_evolution_of_speed_toads?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/7295140_Invasion_and_the_evolution_of_speed_toads?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/24216039_Landscape_barriers_reduce_gene_flow_in_an_invasive_carnivore_Geographical_and_local_genetic_structure_of_American_mink_in_Scotland?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/24216039_Landscape_barriers_reduce_gene_flow_in_an_invasive_carnivore_Geographical_and_local_genetic_structure_of_American_mink_in_Scotland?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/24216039_Landscape_barriers_reduce_gene_flow_in_an_invasive_carnivore_Geographical_and_local_genetic_structure_of_American_mink_in_Scotland?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/24216039_Landscape_barriers_reduce_gene_flow_in_an_invasive_carnivore_Geographical_and_local_genetic_structure_of_American_mink_in_Scotland?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/7831960_Streams_over_mountains_Influence_of_riparian_connectivity_on_gene_flow_in_the_Pacific_jumping_mouse_Zapus_trinotatus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/7831960_Streams_over_mountains_Influence_of_riparian_connectivity_on_gene_flow_in_the_Pacific_jumping_mouse_Zapus_trinotatus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/7831960_Streams_over_mountains_Influence_of_riparian_connectivity_on_gene_flow_in_the_Pacific_jumping_mouse_Zapus_trinotatus?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/273946467_GENEPOP_Version_122_Population_Genetics_Software_for_Exact_Tests_and_Ecumenicism?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/273946467_GENEPOP_Version_122_Population_Genetics_Software_for_Exact_Tests_and_Ecumenicism?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/273946467_GENEPOP_Version_122_Population_Genetics_Software_for_Exact_Tests_and_Ecumenicism?el=1_x_8&enrichId=rgreq-3ab2e2ead46f45004a1b7980862e4a26-XXX&enrichSource=Y292ZXJQYWdlOzI3MTg0OTIwMTtBUzoxOTM4NjgwMzg0NDcxMDZAMTQyMzIzMzE1MDI0MA==
https://www.researchgate.net/publication/271849201

